Abstract. We examined intraspecific variability in the genus Rhodnius using starch gel electrophoresis of salivary heme proteins. Salivary protein profiles of 8 Rhodnius species (R. prolixus, R. robustus, R. neglectus, R. nasutus, R. ecuadoriensis, R. pallescens, R. pictipes, and R. domesticus) were compared. All species could be distinguished by this technique. The greatest protein polymorphism was found in R. ecuadoriensis, R. nasutus, R. robustus, and R. pictipes, followed by R. prolixus, R. neglectus, R. pallescens, and R. domesticus. This approach was able to distinguish R. prolixus from R. robustus and R. neglectus from R. nasutus, species with extreme phenotypical similarity.
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The genus Rhodnius Stål currently includes 13 species widely distributed in South and Central America and distinguishable based on morphologic features. Although all species are vectors of Trypanosoma cruzi, the causative agent of Chagas disease (American trypanosomiasis), they differ in their epidemiologic significance. 1, 2 Rhodnius prolixus is the most important domestic vector of T. cruzi in Venezuela, Colombia, and parts of Central America, while R. pallescens is an important vector in Panama. The other species are mainly sylvatic in habit. 3 In sylvatic environments, Rhodnius species are most frequently found colonizing palm tree crowns where they feed on a variety of animals. 4 Such adaptation to different hosts may reflect variations in saliva composition, which is related to the feeding process. All species of Rhodnius (and the closely related genus Psammolestes, also within the tribe Rhodniini) have a characteristic red coloration in their salivary glands, which is not found in the salivary glands of other Triatominae. This red coloration is probably due to heme proteins. 5 Some of them, known as nitrophorins, are responsible for many of the antihemostatic activities of Rhodnius saliva such as vasodilation due to the release of nitric oxide, anticoagulant, and antihistamine action. [6] [7] [8] [9] In a previous study, we showed that the electrophoretic profiles of salivary hemeproteins could distinguish R. prolixus from R. robustus, a morphologically similar species. 10 As part of a wider study on the biosystematics of Rhodnius species, we present a study of intraspecific variation of salivary heme proteins in 8 Rhodnius species.
MATERIALS AND METHODS

Insects.
Specimens of Rhodnius were obtained from different regions, as shown in Table 1 . Only adults were used in the experiments. We used 15 insects from each species, except for R. prolixus (11 insects) and R. domesticus (10 insects). The insects were reared under the same laboratory conditions (24.0 Ϯ 2.0ЊC; 56.0 Ϯ 6.0% relative humidity) and fed on chickens weekly, except for R. domesticus, which was fed on mice. During gland extraction, all insects had similar nutritional status (7 days of fasting).
Sample preparation and electrophoresis. Salivary glands from each insect were dissected out, washed in 0.9% NaCl, and transferred to 5 l of running buffer on a microscope slide in a humid chamber where they were maintained until all insects had been prepared. The prepared glands from each insect were then disrupted with dissection needles, and the salivary contents applied to a starch gel electrophoresis plate. Electrophoresis was carried out at 300V for 150 min. The running buffer was 0.15 M glycine/NaOH, pH 9.5; the gel buffer was the same but diluted 1:10. After electrophoresis, the gels were immersed for 10 min in a staining solution of 0.3 mg/ml of tetramethylbenzidine in a 1:1:1 mixture of ethanol, acetic acid, and water. They were then transferred to 2% hydrogen peroxide until the bands began to develop. Because band development is transient and asynchronous due different concentrations of each heme protein, the gels were viewed by videocamera to record subsequent analysis of the bands. The subsequent tapes were transferred to a computer file. 10 Data analysis. Polymorphism of nitrophorins probably cannot be estimated as it can for isoenzymes, since we do not know the number of different loci underlying the gel profiles. Instead, we used a simple probabilistic approach of species variability based on the number and frequencies of the different profiles disclosed within each species. Assuming that different profiles are independent, the probability of finding any 2 individuals of a species exhibiting the same profile is ⌺(x 2 ), with x the frequency of each profile within the species. In the special case of a complete lack of variability, there is just 1 profile and ⌺(x 2 ) ϭ 1. In the case where several different profiles exist within a species, ⌺(x 2 ) approaches zero. Thus, our estimate of protein variability was stated as 1 Ϫ ⌺(x 2 ). This estimate relies on profile independence and depends on the number of individuals examined. It has the same probabilistic meaning, but not the same genetic signification, as the index of gene diversity of Nei, 11 based on allele frequencies.
RESULTS
Visual inspection of the band profiles showed that all species could be clearly distinguished, including members of the prolixus group, 12 which are difficult to distinguish by other means (Figure 1 ). The number of protein bands varied according to species when analyzed by two-tailed analysis Figure 2 and Table 2 ). In general, each species presented a complex band profile. The index of heme protein polymorphism (P) was highest for R. ecuadoriensis (P ϭ 0.8315), R. nasutus (P ϭ 0.7746), R. robustus (P ϭ 0.7635) and R. pictipes (P ϭ 0.7564). Lower values were obtained for R. prolixus (P ϭ 0.7300), R. neglectus (P ϭ 0.6973), R. pallescens (P ϭ 0.6524), and R. domesticus (P ϭ 0.3200) ( Table 3) . DISCUSSION Morphologically, R. prolixus is very similar to R. robustus, R. neglectus, and R. nasutus, which are sometimes considered as the prolixus group. 12 Distinction of these species was made using male genitalia morphology and geographic distribution. 13 Rhodnius prolixus and R. robustus occur in the more humid areas of the Amazon basin northwards into Central America, while R. neglectus seems to be confined to the savanna-like cerrado regions of central Brazil and R. nasutus occupies similar habitats in the drier caatinga of northeastern Brazil. 3, 4 The great morphologic similarities among Rhodnius and definition of their geographic distribution complicate their study, [14] [15] [16] although biochemical and morphometric techniques are being applied to clarify the distinctions. 17, 18 However, it has proved difficult to distinguish the members of prolixus group by isoenzyme analysis. 15, 19 Our results support the specific status of R. neglectus and R. nasutus, as well as R. prolixus and R. robustus, which had been cast into doubt by their morphologic and isoenzymatic similarities. 15, 16, 19 Furthermore, our results show that analysis of salivary heme proteins may help in the determination of other Rhodnius species, although the band profiles observed in this work were complex and did not lend themselves to easy epidemiologic interpretation. The most important vector, R. prolixus, showed less variability compared with extremely sylvatic species such as R. ecuadoriensis, R. nasutus and R. robustus, while the least variability was shown by R. domesticus, which in spite of its name, seems confined to sylvatic habitats in the Atlantic forest remnants of southern Brazil. It is important to notice that the insects used in this work were from laboratory colonies, some of which had been established for several years. Their genetic variability FIGURE 2. Gels and diagrammatic representation of the salivary heme protein profiles of Rhodnius species. The letters indicate profiles for each species (see Table 3 ).
could therefore have been reduced by mechanisms such as genetic drift and founder effect.
Heme proteins (nitrophorins) are responsible for much of the antihemostatic activity of Rhodnius saliva (vasodilatation due to liberation of nitric oxide, anticoagulant, antihistamine), [6] [7] [8] [9] 20 although of the 4 nitrophorins of R. prolixus so far described, only nitrophorin II shows anticoagulant activity. 8 In Psammolestes (a genus also belonging to the tribe Rhodniini), there appears to be a single heme protein and we may suppose that such nitrophorins evolved only once, TABLE 3 Profile frequencies* observed and probabilistic estimation of polymorphism (P) for all Rhodnius species studied (Figure 2) . Dashes indicate the absence of a profile.
but may have been not only conserved but also duplicated to assume different functions. The feeding process of Rhodnius is complex. The bite triggers many physiologic responses in the vertebrate host, and to limit the effects of these responses one can expect that saliva composition may contain a range of different functional compounds. 5, 21 Similarly, it is likely that saliva composition may reflect the range of different vertebrate hosts with which each species is typically associated.
Interpopulational studies in the genus Rhodnius using isoenzymes showed low levels of polymorphism in R. prolixus (P ϭ 0.73, P ϭ 0.12, and P ϭ 0.23), [17] [18] [19] R. robustus (P ϭ 0-0.16), 18, 19, 22 R. neglectus (P ϭ 0-0.13), 14, 22, 23 R. pictipes (P ϭ 0.10 and P ϭ 0.19), 14, 22 R. ecuadoriensis (P ϭ 0.06), 22 and R. pallescens (P ϭ 0.18). 24 Although the genetic significance of such variability of hemeproteins is not known, the high levels of polymorphism observed here indicate that they could be used not only for studies of genetic variability in Rhodnius species but also for the study of genetic variability in different populations of the same species. 10 
